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(54) SURFACE MOUNTED CRYSTAL RESONATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the secular 
change of a frequency by supporting and fixing the 
side of both short sides of a crystal piece in a 
rectangular shape by the electrically conductive 
adhesive material of an Si group or the like, 
hermetically joining a cover to a terminal member by 
an inorganic material and forming a. container whose 
inner part is evacuated. 

SOLUTION: The crystal piece is supported and fixed 
on both sides, the long side direction of the crystal 
piece 6 is turned to a Z axis and both end side parts 
composed of an X axis orthogonally crossing it are 
supported and fixed by the electrically conductive 
adhesive material 5. That is, it is taken into 
consideration that thickness- shear vibration waves 
vibrated at an excitation electrode provided on the 
crystal piece 6 are propagated in an X axis direction 
and propagated little to a Z axis direction, by 
supporting and fixing the Z axis direction, an effect to 

the thickness-shear vibration is made small. Also, in the case of supporting and fixing the 
crystal piece 6 on one side, the crystal piece 6 is supported and fixed to electrode pad parts 
4 at two parts by the electrically conductive adhesive material and the thickness-shear 
vibration waves are small in the Z axis direction. Thus, the frequency is stabilized by the 
electrically conductive adhesive material 5. Then, by evacuating the inner part of the 
container, the gas inside the container is reduced and the frequency is stabilized. 
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CLAIMS 



[Claim(s)J , 
[Claim l] It is the surface mount type quartz resonator which is a surface mount type quartz resonator which 
carries out support fixation of one side or the both sides of both short side parts which it has in rectangle-like 
the piece of crystal by the electroconductive glue of a silicon system, an urethane system, or a polyimide system, 
carries out airtight junction of the lid by inorganic material at terminal area material, and constitutes a 
container on the flat surface of terminal area material, or in a crevice, and is characterized by the inside of a 
container being a vacuum. 

[Claim 21 It is the surface mount type quartz resonator which is a surface mount type quartz resonator which 
carries out support fixation of one side or the both sides of both short side parts which it has in rectangle-like 
the piece of crystal by the electroconductive glue of a silicon system, an urethane system, or a polyimide system, 
carries out airtight junction of the lid with a pewter at terminal area material, and constitutes a container on 
the flat surface of terminal area material, or in a crevice, and is characterized by the inside of a container being 
a vacuum. 

[Claim 3j It is the surface mount type quartz resonator which is a surface mount type quartz resonator which 
carries out support fixation of one side or the both sides of both short side parts which it has in rectangle-like 
the piece of crystal by the electroconductive glue of a silicon system, an urethane system, or a polyimide system, 
carries out airtight junction of the lid with seam welding at terminal area material, and constitutes a container 
on the Hat surface of terminal area material, or in a crevice, and is characterized by the inside of a container 
being a vacuum. 

[Claim 4] It is the surface mount type quartz resonator which sets Z' shaft as the direction ot the long side ot a 
AT-cut rectangle-like the piece of crystal on the flat surface of terminal area material, or into a crevice, is a 
surface mount type quartz resonator which carries out support fixation of both the short side parts that are X 
shaft orientations which intersected perpendicularly at it by the electroconductive glue of a silicon system or an 
urethane system, carries out airtight junction of the lid with a pewter at terminal area material, and 
constitutes a container, and is characterized by the inside of a container 

[Claim 5] It is the surface mount type quartz resonator which sets Z' shaft as the direction of the long side ot the 
piece of AT-cut rectangle -like crystal on the flat surface of terminal area material, or into a crevice, is a surface 
mount type quartz resonator which carries out support fixation of both the short side parts that are X shaft 
orientations which intersected perpendicularly at it by the electroconductive glue of Sealy's KON system or an 
urethane system, carries out airtight junction of the lid with seam welding at terminal area material, and 
constitutes a container, and is characterized by the inside of a container being a 

[Claim 6] It is the surface mount type quartz resonator which sets the X-axis as the direction of the long side of 
a AT-cut rectangle-like the piece of crystal on the flat surface of terminal area material, or into a crevice, is a 
surface mount type quartz resonator which carries out support fixation of one side of the short side part which 
is Z' shaft orientations which intersected perpendicularly at it by the electroconductive glue of a silicon system 
an urethane system, or a polyimide system, carries out airtight junction of the lid with a pewter at terminal 
area material, and constitutes a container, and is characterized 

[Claim 71 It is the surface mount type quartz resonator which sets the X-axis as the direction of the long side ot 
a AT-cut rectangle like the piece of crystal on the flat surface of terminal area material, or into a crevice, is a 
surface mount type quartz resonator which carries out support fixation of one side of the short side part which 
is Z' shaft orientations which intersected perpendicularly at it by the electroconductive glue of a silicon system, 
an urethane system, or a polyimide system, carries out airtight junction of the lid with seam welding at 
terminal area material, and constitutes a container, and is characterized by 

[Claim 8] One side or the both sides of both short side parts which it has on the flat surface of terminal area 
material, or in a crevice at rectangle like the piece of crystal A silicon system, Support fixation is carried out by 
the electroconductive glue of an urethane system or a polyimide system. The configuration of the electrode pad 
section of the piece support fixed part of crystal which it has in terminal area material is a surface mount type 
quartz resonator which prepares a square shape or the circular non-pad section in electrode pad circles, or has a 
square shape or the circular non-pad section at the edge of the electrode pad section. An electroconductive glue 
is a surface mount type quartz resonator characterized by preparing the both sides of the electrode pad section 
and the non-pad section. . 
[Claim 9] One side or the both sides of both short side parts which it has on the flat surface of terminal area 
material, or in a crevice at rectangle -like the piece of crystal A silicon system, Support fixation is carried out by 
the electroconductive glue of an urethane system or a polyimide system. The configuration of the electrode pad 
section of the piece support fixed part of crystal which it has in terminal area material is a surface mount type 
quartz resonator which has a square shape or a circular non-pad at the edge of the electrode pad section or it 
prepares a square shape or a circular non-pad in electrode pad circles. An electroconductive glue is the claims 1, 
2, 3, 4, 5, and 6 characterized by the thing which prepare the both sides of the electrode pad section and the 
non-pad section, and to do, or a surface mount type quartz resonator given in seven. 

[Claim 10] One side or the both sides of both short side parts which it has on the flat surface of terminal area 
material, or in a crevice at rectangle-like the piece of crystal A silicon system, The configuration of the edge 



electrode of thtf piece of rectangle-like crystal which carries out support fixation by the electroconductive glue of 
an urethane system and a polyimide system and which is fixed to the electrode pad section of terminal area 
material It is the surface mount type quartz resonator characterized by the thing which are the surface mount 
type quartz resonators which prepare a square shape or the circular non-polar zone in the edge of an edge 
electrode or it prepares a square shape or the circular non-polar zone in an edge electrode, and prepares the 
bot h sides of an edge electrode and the non-polar zone an electroconductive glue, and to do. 

iClaim U] One side or the both sides of both short side parts which it has on the flat surface of terminal area 
material, or in a crevice at rectangle-like the piece of crystal The configuration of the edge electrode of the piece 
of rectangle-like crystal which carries out support fixation by the electroconductive glue of a silicon system, an 
urethane system, or a polyimide system and which is fixed to the electrode pad section of terminal area 
material It is the surface mount type quartz resonator which prepares a square shape or the circular non-polar 
zone in the edge of an edge electrode or it prepares a square shape or the circular non-polar zone in an edge 
electrode. An electroconductive glue is the claims 1, 2. 3, 4, 5, 6, and 7 characterized by the thing which prepare 
the both sides of an edge electrode and the non-polar zone, and to do, or a surface mount type quartz resonator 
given in eight. 

[Claim 12] The quality of the material of the terminal area material which constitutes a container is ceramics, a 
crystallized glass, the claims I, 2, 3, 4, 5, 6, 7, 8, 9. and 10 that are characterized by the bird clapper from glass, 
or a surface mount type quartz resonator given in 11. 

IClaim 13] The quality of the material of the lid which constitutes a container is ceramics, a crystallized glass, 
glass, the claims 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 that are characterized by the bird clapper from a metal, or a 
surface mount type quartz resonator given in 11. 

[Claim 14] The plating material which the quality of the material of the lid which constitutes a container 
consists of a metal and is formed on a metal is the claims 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 characterized by the bird 
clapper from gold, palladium, or nickel and palladium, or a surface mount type quartz resonator given in 11. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] About the structure of the quartz resonator which needs this 
invention for the frequency reference standard of mobile communication equipment especially a cellular phone, 
or a pager, in more detail, in-series equivalent resistance is low, and it excels in the long term stability of 
oscillation frequency reflowproof nature, and shock resistance, and is related with the highly precise surface 
mount type quartz resonator which moreover makes structure of small and a thin shape possible. 
[0002] 

[Description of the Prior Art] A highly precise temperature compensated crystal oscillator (it is indicated as 
Following TCXO) is used for the frequency reference standard for mobile communication equipment, such as a 
cellular phone. TCXO is also calculated for small and a thin shape, and the surface mount type that has 
reflow proof nature further from small and the thin shape of mobile communication equipment in recent years. 
Therefore, after it is satisfied [ with the quartz resonator which is the main parts of TCXO ] of a property 
attaining them, moreover, a surface mount type quartz resonator is needed with small and a thin shape. 
[0003] The thickness-slip-vibration child of a AT cut is used for the quartz resonator for TCXO. And the vibrator 
property searched for has the small frequency deviation of ordinary temperature, the temperature 
characteristic of frequency is excellent in a continuity, and the rate of change of the frequency in ordinary 
temperature neglect, elevated-temperature neglect, cold resistance, **-proof, a temperature cycle, vibration, 
fall, and a reflow proof examination is less than [ plus-or minus Ippm ] further. 

[0004] Thus, process conditions need a package, selection of a closure means, crystallographic-axis selection of 
the piece of crystal, the suitable design of the piece size of crystal, an electrode material, the design of a suitable 
electrode configuration, the piece manner of support of crystal, and to be built to satisfy a severe property and 
attain a surface mount type quartz resonator moreover. 

[0005] The structure of the surface mount type quartz resonator in the conventional technology is explained 
using drawing 15 , drawing 16 , drawing 18 , and drawing 19 . Drawing 16 is a cross section in which the 
hermetic seal in the conventional technology shows the surface mount type quartz resonator using the seam 
welding means. 

[0006] As shown in drawing 16 , the 1st substrate 1, 2nd substrate 2, and 3rd substrate 3 constitute an alumina 
from a multilayer ceramic substrate made into a principal component. The electrode pad section 4 on the 2nd 
substrate 2 calcinated a tungsten or molybdenum, performed nickel plating on it, and has plated with gold on 
this nickel plating further. Support fixation of the piece 6 of crystal is carried out at one side by the 
electroconductive glue 5, and electrical installation is performed in this electrode pad section 4 simultaneously 
with support fixation. 

[0007] The seam ring 7 which becomes the 3rd substrate 3 from a covar alloy is carrying out silver low 
attachment, performed nickel plating, and has plated with gold on this nickel plating further. Furthermore, the 



welding electrdde 9 of a parallel seam welding machine performs a hermetic seal for the lid 8 which nickel 
plating gave on it at the covar alloy, and atmosphere in the container is used as the low nitrogen of a dew-point. 
[0008] A pressure is atmospheric pressure although this surface mount type quartz resonator makes the inside 
of a container nitrogen atmosphere in order to press down the secular change of frequency low. For this reason, 
the crystal impedance of a quartz resonator is 13ohms • about 15ohms. Since the hermetic seal by this parallel 
seam welding is low temperature junction, it does not have the heat-resistant problem of an electroconductive 
glue 5. and the width of face of selection has a latus advantage. 

[0009] . ' 

[Problem(s) to be Solved by the Invention] However, there are the following troubles in the conventional surface 
mount type quartz resonator mentioned above. Drawing 18 is a graph which shows the secular change of the 
frequency in the surface mount type quartz resonator which carried out the hermetic seal with parallel seam 
welding in nitrogen atmosphere. A horizontal axis is the days which measured frequency from immediately 
after the hermetic seal, and a vertical axis is the rate of change of frequency. The frequency rate of change for 
[ it asks ] one year is less than [ plus-or-minus lppm 1. 

[00101 Although Curve D goes into the specification whose frequency rate of change is the above-mentioned 
plus-or-minus lppm, what frequency shifts to plus or minus with change of time like Curve A and Curve B 
occurs. Thus, the early judging of a quality is difficult at the time of shipment, and it cannot continue at a long 
period of time, and measurement cannot carry out total, either, but the product which time requires for 
stabilization of frequency consequently separates from specification has the problem which appears on the 
market in a commercial scene. 

[0011] The trouble of the surface mount type quartz resonator in the conventional technology is further 
explained below using the plan of drawing 15 , and the graph of drawing 19 . Drawing 15 is a plan about the 
state where the electroconductive glue 5 in a surface mount type quartz resonator was formed. An 
electroconductive glue 5 is formed as an object for support fixation of the piece 6 of crystal on the electrode pad 
section 4. Since the piece 6 of crystal is support fixation of one side, it makes the field of the electrode pad 
section 4 2 terminal structures. 

[0012] The drop test result of the surface mount type quartz resonator using this means is explained using the 
graph of drawing 19 . Natural fall of the drop test conditions is carried out from a height of 1.5m on concrete, a 
horizontal axis shows the number of times of fall, and a vertical axis shows the rate of change of frequency. The 
specification of a surface mount type quartz resonator is less than [ plus-or-minus lppm ] as mentioned above. 
It is as a result of [ of the surface mount type quartz resonator which bar graph F shown by hatching explained 
using dra win g 15 and drawing 16 ] a drop test. 

[0013] As the graph of drawing 19 shows, the rate of change of frequency has secured less than [ plus-or-minus 
lppm ] to ten drop tests. However, in 20 drop tests, plus-or-minus lppm will be exceeded greatly. This cause is 
explained using drawing 15 . Gilding is given to the electrode pad section 4 and the electroconductive glue 5 of a 
silicon system is formed on it. However, the adhesion force of the silicon which is an electroconductive glue 5, 
and the gold of the electrode putt section 4 is a low. By 20 drop tests, an ablation phenomenon arises from this 
in both interface. 

[0014] Then, the purpose of this invention is to solve the above-mentioned technical problem and offer the 
surface mount type quartz resonator which attained early stabilization of the secular change of frequency and 
certain ization of the quality judging by it. It aims at furthermore offering the surface mount type quartz 
resonator in eye in addition of the above-mentioned invention which can attain reduction-ization of the 
frequency rate of change in a drop test. 
[0015] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the composition ol the 
following publication is adopted in the surface mount type quartz resonator of this invention. 
[0016] In the surface mount type quartz resonator of this invention, it is the surface mount type quartz 
resonator which carries out support fixation of one side or the both sides of both short side parts which it has on 
the flat surface of terminal area material, or in a crevice at rectangle-like the piece of crystal by the 
electroconductive glue of a silicon system, an urethane system, or a polyimide system, carries out airtight 
junction of the lid by inorganic material at terminal area material, and constitutes a container, and is 
characterized by the inside of a container being a vacuum. 

[0017] It is the surface mount type quartz resonator which the surface mount type quartz resonator of this 
invention carries out support fixation of one side or the both sides of both short side parts which it has on the 
flat surface of terminal area material, or in a crevice at rectangle like the piece of crystal by the 
electroconductive glue of a silicon system, an urethane system, or a polyimide system, carries out airtight 
junction of the lid with a pewter at terminal area material, and constitutes a container, and is characterized by 
the inside of a container being a vacuum. 

[0018] In the surface mount type quartz resonator of this invention, it is the surface mount type quartz 
resonator which carries out support fixation of one side or the both sides of both short side parts which it has on 
the flat surface of terminal area material, or in a crevice at rectangle-like the piece of crystal by the 
electroconductive glue of a silicon system, an urethane system, or a polyimide system, carries out airtight 
junction of the lid with seam welding at terminal area material, and constitutes a container, and is 



characterized by the inside of a container being a vacuum. 

[0019] In the surface mount type quartz resonator of this invention on the flat surface of terminal area material 
or in a crevice Both the short side parts that are X shaft orientations which set Z' shaft as the direction of the 
long side of a AT-cut rectangle-like the piece of crystal, and intersected perpendicularly with it A silicon system, 
Or it is the surface mount type quartz resonator which carries out support fixation by the electroconductive 
glue of an urethane system, carries out airtight junction of the lid with a pewter at terminal area material, and 
constitutes a container, and is characterized by the inside of a container being a vacuum. 

[0020] [n the surface mount type quartz resonator of this invention on the flat surface of terminal area material 
or in a crevice Both the short side parts that are X shaft orientations which set Z* shaft as the direction of the 
long side of a AT-cut rectangle-like the piece of crystal, and intersected perpendicularly with it A silicon system. 
Or it is the surface mount type quartz resonator which carries out support fixation by the electroconductive 
glue of an urethane system, carries out airtight junction of the lid with seam welding at terminal area material 
and constitutes a container, and is characterized by the inside of a container being a vacuum. 
[0021] In the surface mount type quartz resonator of this invention on the flat surface of terminal area material 
or in a crevice One side of the short side part which is Z' shaft orientations which set the X-axis as the direction 
of the long side of a AT-cut rectangle-like the piece of crystal, and intersected perpendicularly with it A silicon 
system. It is the surface mount type quartz resonator which carries out support fixation by the 
electroconductive glue of an urethane system or a polyimide system, carries out airtight junction of the lid with 
a pewter at terminal area material, and constitutes a container, and is characterized by the inside of a 
container being a vacuum. 

[0022] In the surface mount type quartz resonator of this invention on the flat surface of terminal area material 
or in a crevice One side of the short side part which is Z' shaft orientations which set the X-axis as the direction 
of the long side of a AT-cut rectangle-like the piece of crystal, and intersected perpendicularly with it A silicon 
system, It is the surface mount type quartz resonator which carries out support fixation by the 
electroconductive glue of an urethane system or a polyimide system, carries out airtight junction of the lid with 
seam welding at terminal area material, and constitutes a container, and is characterized by the inside of a 
container being a vacuum. 

[0023] In the surface mount type quartz resonator of this invention on the flat surface of terminal area material 
or in a crevice One side or the both sides of both short side parts which it has in rectangle -like the piece of 
crystal A silicon system, Support fixation is carried out by the electroconductive glue of an urethane system or a 
polyimide system. The configuration of the electrode pad section of the piece support fixed part of crystal which 
it has in terminal area material is a surface mount type quartz resonator which prepares a square shape or the 
circular non-pad section in electrode pad circles, or has a square shape or the circular non-pad section at the 
edge of the electrode pad section. It is characterized by preparing the both sides of the electrode pad section and 
the non-pad section an electroconductive glue. 

[0024] In the surface mount type quartz resonator of this invention on the flat surface of terminal area material 
or in a crevice One side or the both sides of both short side parts which it has in rectangle -like the piece of 
crystal A silicon system, The configuration of the edge electrode of the piece of rectangle like crystal which 
carries out support fixation by the electroconductive glue of an urethane system and a polyimide system and 
which is fixed to the electrode pad section of terminal area material It is the surface mount type quartz 
resonator which prepares a square shape or the circular non-polar zone in an edge electrode, or prepares a 
square shape or the circular non-polar zone in the edge of an edge electrode, and an electroconductive glue is 
characterized by the thing which prepare the both sides of an edge electrode and the non-polar zone and to do. 
[0025] In the surface mount type quartz resonator of this invention, the quality of the material of the terminal 
area material which constitutes a container is characterized by the bird clapper from ceramics, a crystallized 
glass, or glass. 

[0026] In the surface mount type quartz resonator of this invention, the quality of the material of the lid which 
constitutes a container is characterized by the bird clapper from ceramics, a crystallized glass, glass, or a metal. 
[0027] In the surface mount type quartz resonator of this invention, the quality of the material of the lid which 
constitutes a container consists of a metal, and plating material formed on a metal is characterized by the bird 
clapper from gold, palladium, or nickel and palladium. 

[0028] Thus, the above-mentioned composition is used for the surface mount type quartz resonator of this 
invention, and this invention is improving the trouble of the conventional technology from the following view. 
That is, to the purpose of early stabilization of frequency, and certainizing of a quality judging, a main solution 
means attains early stabilization and certainization of a quality judging by adopting a vacuum lock from the 
composition which carries out airtight junction in the nitrogen atmosphere of the atmospheric pressure which 
is the conventional technology. 

[0029] That is, when it is atmospheric pressure, even if it performs airtight junction in nitrogen atmosphere, 
the gas which occurs at the time of seam welding is full in a container, and stabilization of atmosphere takes 
time. Furthermore, stabilization of frequency is spoiled when the particle of the metal which disperses at the 
time of seam welding adheres to the piece of crystal in the unstable state. I think that stabilization of the 
frequency after airtight junction takes time the result compound [ their ]. 

[0030] In the case of a vacuum lock, by this invention, stabilization of frequency is realizable -te- it early after 



air tight? junction. That is, I think that the occurring gas by airtight junction has t be / under / vacuum / sake / it ] 
the high rate discharged out of a container. For this reason, the atmosphere in a container is stable at an early 
stage. Consequently, in the surface mount type quartz resonator of this invention, stabilization of frequency 
will be early. The point that stabilization of this frequency is early brings about the effect which can perform the 
quality judging at the time of shipment for a short time. 

[00311 Since it is furthermore a point over certainizing of a quality judging and seam welding is airtight 
junction by atmospheric pressure, the crystal impedances of a quartz resonator are 13-15ohm. However, 
although a crystal impedance does not change even if there is very small leak, frequency is shifted after 
prolonged progress. That is, it is because the atmosphere requires time and permeates in a container. Then, 
although a leak examination is carried out by the helium leak tester at the time of shipment, the very small 
leak which influences aging of frequency has an undetectable problem. 

[00321 However, according to the vacuum lock of this invention, a crystal impedance becomes low with fr 7ohm. 
I n this case, if there is very small leak, since the crystal impedance is sensitive to container internal pressure, it 
will increase immediately. For this reason, by judging the augend, the existence of leak can be judged, 
consequently the shift of the frequency after prolonged progress can be judged at an early stage with the 
surface mount type quartz resonator of this invention. 

[00331 On the other hand, although support fixation of the piece of crystal is directly carried out by 
reduction- ization of the frequency rate of change in a drop test at terminal area material since it is a thin 
surface mount type quartz resonator, the method of support fixation has two kinds, one side of the piece of 
crystal, and both sides. In this invention, in the case of both sides, the silicon system electroconductive glue 
which is elasticity is used, and the frequency shift by the fall shock is reduced. That is, in the surface mount 
type quartz resonator of this invention, the mechanical stress by the fall shock is eased using what has 
elasticity in an electroconductive glue. The elasticity of an electroconductive glue is still more effective also in 
aging of the effect which eases the mechanical stress which joins the piece of crystal to frequency. 
[0034] However, the silicon system adhesives of elasticity cannot be said that the adhesion force of the electrode 
pad section which it has in terminal area material, and the gold of the edge electrode which it has in the piece of 
crystal is high, either. For this reason, with a strong fall shock, there is a problem from which an ablation 
phenomenon arises in both interface, and frequency changes. 

[0035] However, the electroconductive glue of a silicon system is checking the phenomenon in which the 
ceramics and crystal of terminal area material have the strong adhesion force. Then, this invention makes the 
electrode pad section of terminal area material also expose ceramics to a front face f and exposes crystal to the 
edge electrode of the piece of crystal further. By this, by pasting the both sides of not only gold but ceramics, and 
crystal, a silicon system electroconductive glue raises the support fixed force of the piece of crystal, and reduces 
the rate of change of the frequency by the fall shock by this invention. 
[0036] 

[Embodiments of the Invention] The surface mount type quartz resonator in the best gestalt for carrying out 
this invention using a drawing below is explained. Drawing 1 is the cross section showing the state before 
carrying out support fixation of the piece of crystal in the operation gestalt of this invention on both sides and 
carrying out airtight junction of the lid. Drawing 2 is the cross section showing the state where carried out 
support fixation of one side in the operation gestalt of this invention, and airtight junction of the lid was carried 
out. Drawing 3 is the plan showing the state before carrying out airtight junction of the lid in drawing 1 of this 
invention. Drawing 4 is the plan showing the crystallographic axis of the piece of crystal in this invention. 
Drawing 5 , drawing 6 , drawing 7 , drawing 8 , drawing 9 , and drawing 10 are the plans showing the various 
electrode pad section configurations of the insulating terminal area material in the operation gestalt of this 
invention. Furthermore, drawing 11 , drawing 12 , and drawing 13 are the plans showing the various edge 
electrode configurations of the piece of crystal in the operation gestalt of this invention. DrawingJU is the cross 
section showing the structure which carried out support fixation by the electroconductive glue combining the 
insulating terminal area material and the piece of crystal which used this invention. Drawing 17 is the cross 
section showing the lid in the operation gestalt of this invention. Drawing 20 is the cross section showing a 
crystal oscillator. Although explained using the drawing in which the operation gestalt of this invention is 
shown below, it explains with reference to the drawing in which the conventional technology is shown suitably. 
[0037] As shown in drawing 1 and drawing 3 , the 1st substrate 1, 2nd substrate 2, and 3rd substrate 3 
constitute terminal area material. And the piece 6 of crystal is carrying out support fixation at the both ends at 
terminal area material. A tungsten or molybdenum was calcinated for the electrode pad section 4 and the 
hermetic- seal section 10 to the terminal area material which consists of a multilayer ceramic substrate of the 
1st substrate 1, the 2nd substrate 2, and the 3rd substrate 3, and on the tungsten or molybdenum, nickel 
plating was performed and it has plated with gold further. 

[0038] Although the ceramics made into the principal component explain an alumina to terminal area material 
with the operation gestalt of this invention, you may apply a crystallized glass and glass. In the case of the 
terminal area material which consists of a crystallized glass, the mixture of silver or silver, and palladium is 
used for the quality of the material of the electrode pad section 4 and the hermetic-seal section 10. 
[0039] Hereafter, although explanation with the gestalt of this invention explains terminal area material by the 
three-layer substrate, a substrate is much more sufficient as it also at the bilayer substrate whieh deleted the 



2nd suttstrate 2. The electroconductive glue 5 of a silicon system is formed in the electrode pad section 4 shown 
in drawing 1 , and the piece 6 of crystal is installed on it. The adhesives of an urethane system are sufficient as 
an electroconductive glue 5. That is, it is easy to be the adhesives of elasticity. 

[0040] A pewter 11 is formed in the lid 8 shown in drawing 1 . The detailed structure is explained using the 
cross section of drawing 17 . The base material 12 of the lid shown in drawiQg.11 consists of covar or an iron 
nickel alloy andadopts the two-layer structure of a nickel coat and a golden coat, the two-layer structure of a 
nickel coat and a palladium coat, or the two-layer structure of a nickel coat and a nickel palladium coat as a 
surface treatment film 13 on the covar and iron nickel alloy. 

[0041] This nickel coat has a role on an anti-corrosion disposition, and a golden coat and a palladium coat have 
the role which raises wettability with a pewter 11. Among these, the reason using palladium is that there is no 
meal crack phenomenon by the pewter 1.1. and there is the feature with little airtight leak. Moreover, the 
quality of the material of a pewter 11 uses alloys, such as golden (Au)-tin (Sn), lead (Pb)-(silver AgHin (Sn), and 
lead (Pb)-tin (Sn). In addition to the above, if it is the low-temperature material in which a hermetic seal is 
possible, it is applicable as a pewter 11. 

[0042] Although the metallic material furthermore explained as the quality of the material of a lid 8, ceramics, 
a crystallized glass, and glass are also applicable. Terminal area material and a lid 8 have a desirable 
combination which the coefficient of thermal expansion adjusts. 

[00431 In drawing 1 , the pewter 11 of a lid 8 is hermetic-seal welded [ which is formed in the 3rd substrate 3 / 
10 ] in a vacuum. If a pewter 11 is golden (Au)-tin (Sn), welding temperature is before and after 300 degrees C, 
and welding time is several minutes. Moreover, welding work is done in the heater substrate which can be 
processed. 

[0044] Although the operation gestalt shown in drawing 2 is the almost same composition as the structure 
shown in drawing 1 , it performs support fixation of the piece 6 of crystal at one side. The electrode pad section 
4 which it has in the terminal area material of the single-sided support uses one side as two terminals, as 
shown in drawing 9 . Furthermore, although a silicon system is sufficient as an electroconductive glue 5, a 
polyimide system is sufficient as it. By having made support fixation of the piece 6 of crystal into one side, in 
order to heighten the support fixed force, the stiff quality of the material is used a little from a silicon system. 
[0045] The graph which shows the secular change of the frequency of the surface mount type quartz resonator 
in the gestalt of this invention explained using drawing 1 , drawing 2 , and drawing 3 to drawing 18 explains. A 
horizontal axis is the days which measured frequency from immediately after the hermetic seal, and a vertical 
axis is the rate of change of frequency. The frequency rate of change for [ it asks ] one year is less than 
[ plus or-minus lppm ]. 

[0046] Although stabilization of frequency had taken the surface mount type quartz resonator which carried out 
the hermetic seal in the nitrogen atmosphere of atmospheric pressure with the conventional seam welding to 
time as shown in Curve A, Curve B, and Curve D, as shown in Curve C, while frequency of the surface mount 
type quartz resonator by this invention is stable at an early stage, the rate of change of the frequency in a long 
period of time is small. Furthermore, a defective deteriorates greatly for a short period of time, as shown in 
Curve E. That is, compared with the conventional atmospheric pressure closure, a quality clarifies within a 
short period of time. For this reason, a quality judging can be made early at the time of shipment. 
[0047] The surface mount type quartz resonator by the operation gestalt of this invention makes small the rate 
of change of the frequency in early stabilization and the long period of time of frequency from the following 
combination. That is, the generating gas at the time of a hermetic seal is lessened by making the inside of a 
container into a vacuum. Moreover, as shown in drawing 2 and drawing 3 , when support fixation of the piece 6 
of crystal is carried out on both sides, the mechanical stress which joins the piece 6 of crystal using the 
electroconductive glue 5 of the silicon system of elasticity is made to ease. It is because coefficients of thermal 
expansion differ with the ceramics of the piece 6 of crystal, and terminal area material. 

[0048] As furthermore shown in drawin g 4 , with the operation gestalt which carries out support fixation of the 
piece 6 of crystal on both sides, Z'shaft is set as the direction of the long side of the piece 6 of crystal, and 
support fixation of both the end parts 15 that consist of the X-axis which intersects perpendicularly with it is 
carried out by the electroconductive glue 5. That is, the oscillatory wave of the thickness slip vibration which 
vibrates by the excitation electrode 14 prepared in the piece 6 of crystal is spread to X shaft orientations, and 
the propagation to Z'shaft is the point which made influence on thickness slip vibration small by carrying out 
support fixation of the Z'shaft orientations in consideration of a small point. 

[0049] On the other hand, when carrying out support fixation of the piece 6 of crystal at one side conversely 
indicated to be the above-mentioned to drawing 2 , the crystallographic axis shown in drawing 4 is made 
reverse. That is, the X-axis is set as the direction of the long side, and a short side part is made into Z\ Although 
support fixation of the piece 6 of crystal is carried out by the electroconductive glue 5 at the two electrode pad 
sections 4 as it becomes two terminals in single-sided support and is shown in drawing 9 , the oscillatory wave 
of thickness slip vibration is because it is small to Z'shaft orientations like ****. Therefore, the stiff 
electroconductive glue 5 can attain stabilization of frequency similarly a little from a silicon system like a 
polyimide system. 

[0050] although pewter closure has explained the gestalt of the operation in this invention, even if it is the seam 
welding method of the conventional technology shown in drawing 16 , it is a vacuum lock-, and if the 



combination which took into consideration the crystal orientation whose support moment distribution method 
is a piece of crystal, using the electroconductive glue of elasticity is used, the same effect as what was explained 
by this invention will be acquired If airtight junction is carried out, carrying out evacuation although gas also 
generates a seam welding method by the spark at the time of welding, there is little gas in a container and it 
can attain stabilization of frequency. 

[00511 The gestalt of the operation of this invention to reductionizing of the frequency rate of change by the 
drop test is explained below using a drawing. In drawing 1 . an electroconductive glue 5 is formed in the 
electrode pad section 4, and although support fixation of the piece 6 of crystal is carried out. the configuration of 
the electrode pad section 4 in this invention is explained one by one. Drawing 5 shows the operation gestalt 
which forms two or more non-pad sections 16 which have a square shape alternately with right and left in the 
edge of the electrode pad section 4 on the 2nd substrate 2. In drawing 5 , although the square shape is used, it 
may be circular. An electroconductive glue 5 is prepared for the both sides of the electrode pad section 4 and the 
no n- pad section 16. 

[0052] Drawing 6 shows a single ******** operation gestalt for the non-pad section 16 which has a square shape 
at the edge of the electrode pad section 4. The non-pad section 16 is the same ceramics as the 2nd substrate 2. 
Although it has the non-pad section 16 on the right-hand side of terminal area material, left-hand side is 
sufficient, Also in the operation gestalt shown in this drawing 6 , an electroconductive glue 5 prepares the both 
sides of the electrode pad section 4 and the non-pad section 16. 

[0053] Drawing 7 shows the operation gestalt which forms the square shape-like non-pad section 16 in the 
interior of the electrode pad section 4. In addition to the shape of a square shape, a circle configuration etc. is 
sufficient as the non-pad section 16, and they may be prepared. [ two or more ] Drawing 8 shows the operation 
gestalt which forms two or more non-pad sections 16 which have the shape of a triangle in the edge of the 
electrode pad section 4, and drawing 9 shows the operation gestalt which forms two or more non-pad sections 16 
which have a circle configuration. Although the gestalt of operation of this invention has indicated that it is 
circular, you may be a semicircle in this way and what has curvature further can be applied. Moreover, 
although two or more same configurations are established, the combination of a different- species configuration 
is sufficient. An electroconductive glue 5 continues and prepares the both sides of the electrode pad section 4 
and the non-pad section 16 all. And as for the area rate of the electrode pad section 4 and the non-pad section 16 
about 1 to 1 is desirable. 

[0054] Drawing 10 shows the operation gestalt of the electrode pad section configuration in the case of carrying 
out support fixation of the piece 6 of crystal as shown in drawing 2 at one side. Since the electrode of the piece 6 
of crystal in the case of carrying out support fixation at one side serves as two terminals at one side, the 
electrode pad section has also prepared two terminals in one side. The non-pad section 16 which consists of a 
circle configuration is formed in the interior of the electrode pad section 4. You may be a square shape -like in 
addition to a circle configuration. You may prepare the non-pad section of various configurations in an edge still 
as mentioned above. 

[0055] The operation gestalt in the configuration of the edge electrode 15 of the piece 6 of crystal in the case of 
carrying out support fixation on both sides as furthermore shown in drawing 1 is explained using drawing 11 , 
drawing 12 , and drawin g 13 . Dr awing 11 shows the operation gestalt of the electrode configuration which it 
has in the piece of crystal in the case of carrying out support fixation on both sides. The excitation electrode 14 
is formed in the front reverse side, and is derived as an edge electrode 15 right and left respectively. The 
configuration of the edge electrode 15 forms the non-polar zone 17 which consists of a square shape in the edge 
of the edge electrode 15, In drawing 11 , although the non-polar zone 17 is a single individual, plurality is 
sufficient as it. 

[0056] Drawing 12 shows the gestalt of the operation which forms two or more non-polar zone 17 which consists 
of the shape of a triangle, and the gestalt of the operation which forms two or more non-polar zone 17 which 
becomes since dr awin g 13 is circular is shown. Although the gestalt of operation of this invention has indicated 
that it is circular, you may be a semicircle in this way and what has curvature further can be applied. Moreover, 
although the non-polar zone 17 has established two or more same configurations, it is good as for plurality by 
combining a configuration of a different kind. Moreover, as shown in drawing 5 , a configuration which becomes 
alternately with right and left is sufficient as the configuration of the non-polar zone 17. 

[0057] As mentioned above, although the electrode pad section configuration prepared in terminal area 
material and the edge electrode configuration prepared in the piece of crystal were explained, the place made 
into the purpose is making the rate of change of the frequency in a drop test reductionize. The point is 
explained using drawing 14 and drawing 19 . 

[0058] Drawing 14 is the 1 combination showing the gestalt of the operation in this invention, and is the cross 
section showing the portion which carries out support fixation of the piece of crystal in an electroconductive 
glue in terminal area material. The configuration of the electrode pad section 4 shown in drawing 7 is used for 
the electrode pad section of terminal area material. Furthermore, the piece 6 of crystal has adopted the 
configuration of the edge electrode 15 shown in drawing 4 . 

[0059] Further, the electrode pad section 4 and the non-pad section 16 prepare on the 2nd substrate 2, the piece 
6 of crystal has the edge electrode 15 and the non-polar zone 17, and the electroconductive glue 5 which consists 
of a silicon system forms it among both, and it carries out electrical installation of the excitation electrode 14 to 



the electrode pAd section 4. According to this structure, an electroconductive glue 5 is pasted up not to mention 
the electrode pad section 4 and the edge electrode 15 the piece 6 of crystal of the non-polar zone 17 of the 
no n- pad section, and directly. 

[0060] If support fixation is carried out by the electroconductive glue 5 according to such structure, the 
adhesion force will improve. Consequently, the support fixed force of the piece 6 of crystal increases. As for the 
reason, gilding is carried out, as for the front face of the electrode pad 4. and the front face is smooth. For this 
reason, there is a point that the adhesion force is weak, according to the kind of material like the silicon of an 
electroconductive glue 5, and gold, and. as for the adhesion force, the point that surface roughness is small also 
originates. On the other hand, ceramics expose the non-pad section, much irregularity exists on the surface of 
ceramics a point with the sufficient adhesion force of the ceramics and silicon, and in addition to it. and the 
adhesion force of an electroconductive glue 5 improves by eating into the concavo-convex section. 
[0061 ] About the piece 6 of crystal, although t he quality of the materials of the excitation electrode 14 are Au. 
Pd. and Ag, the adhesion force with silicon is not still better like ****, However, compared with the above, 
silicon is excellent in the adhesion force on the front face of crystal of the non-polar zone 17. 
[00621 As mentioned above, although the electroconductive glue 5 of a silicon system is taken in the adhesion 
force with a metal, there is no problem in electrical installation. Then, it can improve sharply by making the 
both sides of ceramics and crystal paste up an electroconductive glue 5 directly and reduction-izing of the 
frequency rate of change by the fall shock is possible for the support fixed force of the piece 6 of crystal. 
[0063] The fall impact test result by the gestalt of operation of this invention is explained using the graph o( 
drawing 19 . Natural fall of the drop test conditions is carried out from a height of 1.5m on concrete, and the 
number of times of fall of a horizontal axis and a vertical axis are the rate of change of frequency. The 
specification of frequency rate of change is less than [ plusorminus lppm ]. It is a result when bar graph G 
applies the operation gestalt of this invention, and a result which is less than [ plus-or-minus lppm ], and bears 
specification also with 20 times of fall shocks is brought. 

[0064] A crystal oscillator is shown in drawing 20 as an applied operation gestalt to everything but this 
invention. The crystal oscillator consisted of a multilayer ceramic substrate, and the wire has connected it to a 
semiconductor chip 18. The piece 6 of crystal is carrying out support fixation by the electroconductive glue 5 
above the semiconductor chip 18, The support fixed part of the piece 6 of crystal used at this time is the same as 
that of the case of the surface mount type quartz resonator mentioned above, that is, the electrode pad section 
configuration of terminal area material and the edge electrode configuration of the piece 6 of crystal - the 
gestalt of operation of this invention - said - if 1 is used, the fall-proof shock nature of a crystal oscillator will 
improve sharply 
[0065] 

[Effect of the Invention] According to this invention, the secular change of the frequency of a surface mount type 
quartz resonator itself can be made low so that clearly from the above explanation. Furthermore, very small 
leak can be judged by change of a crystal impedance, and the quality of a product can be judged at an early 
stage. Moreover, since it is a vacuum lock, a crystal impedance is low, and the large negative resistance of VCO 
can be taken. 

[0066] Furthermore, according to this invention, the fall-proof shock nature of a surface mount type quartz 
resonator can improve sharply, therefore - although the piece of crystal was fixed to the support board which 
consists of a metal and the shock was absorbed with the conventional technology, such a support board is 
unnecessary - becoming - the part - it becomes possible to make it thin 

[0067] If this invention is used for a crystal oscillator further again, the product of the thin shape which was 
excellent in fall-proof shock nature will become possible. 
TECHNICAL FIELD 



[The technical field to which invention belongs] About the structure of the quartz resonator which needs this 
invention for the frequency reference standard of mobile communication equipment especially a cellular phone, 
or a pager, in more detail, in- series equivalent resistance is low, and it excels in the long term stability of 
oscillation frequency reflow proof nature, and shock resistance, and is related with the highly precise surface 
mount type quartz resonator which moreover makes structure of small and a thin shape possible. 



PRIOR ART 



[Description of the Prior Art] A highly precise temperature compensated crystal oscillator (it is indicated as 
Following TCXO) is used for the frequency reference standard for mobile communication equipment, such as a 
cellular phone. TCXO is also calculated for small and a thin shape, and the surface mount type that has 
reflow proof nature further from small and the thin shape of mobile communication equipment in recent years. 
Therefore, after it is satisfied [ with the quartz resonator which is the main parts of TCXO ] of a property 
attaining them, moreover, a surface mount type quartz resonator is needed with small and a thin shape. 
[0003] The thickness-slip-vibration child of a AT cut is used for the quartz resonator for TCXO. Ami the vibrator 



property searched for has the small frequency deviation of ordinary temperature, the temperature 
characteristic of frequency is excellent in a continuity, and the rate of change of the frequency in ordinary 
temperature neglect elevated-temperature neglect, cold resistance, ** proof, a temperature cycle, vibration, 
fall, and a re flow-proof examination is less than [ plusorminus lppm 1 further. 

[0004] Thus, process conditions need a package, selection of a closure means, crystallographic-axis selection ol 
the piece of crystal, the suitable design of the piece size of crystal, an electrode material, the design of a suitable 
electrode configuration, the piece manner of support of crystal, and to be built to satisfy a severe property and 
attain a surface mount type quartz resonator moreover. 

[0005] The structure of the surface mount type quartz resonator in the conventional technology is explained 
using drawing 15 , drawing 16 , drawing 18 , and drawing 19 . Drawing 16 is a cross section in which the 
hermetic seal in the conventional technology shows the surface mount type quartz resonator using the seam 
welding means. 

[0006] As shown in dmwjruUii , the 1st substrate 1, 2nd substrate 2. and 3rd substrate 3 constitute an alumina 
from a multilayer ceramic substrate made into a principal component The electrode pad section 4 on the 2nd 
substrate 2 calcinated a tungsten or molybdenum, performed nickel plating on it, and has plated with gold on 
this nickel plating further. Support fixation of the piece 6 of crystal is carried out at one side by the 
electroconductive glue 5. and electrical installation is performed in this electrode pad section 4 simultaneously 
with support fixation. 

[0007] The seam ring 7 which becomes the 3rd substrate 3 from a covar alloy is carrying out silver low 
attachment, performed nickel plating, and has plated with gold on this nickel plating further. Furthermore, the 
welding electrode 9 of a parallel seam welding machine performs a hermetic seal for the lid 8 which nickel 
plating gave on it at the covar alloy and atmosphere in the container is used as the low nitrogen of a dew-point. 
[0008] A pressure is atmospheric pressure although this surface mount type quartz resonator makes the inside 
of a container nitrogen atmosphere in order to press down the secular change of frequency low. For this reason, 
the crystal impedance of a quartz resonator is 13ohms - about ISohms. Since the hermetic seal by this parallel 
seam welding is low temperature junction, it does not have the heat-resistant problem of an electroconductive 
glue 5, and the width of face of selection has a latus advantage. 
EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, the secular change of the frequency of a surface mount type 
quartz resonator itself can be made low so that clearly from the above explanation. Furthermore, very small 
leak can be judged by change of a crystal impedance, and the quality of a product can be judged at an early 
stage. Moreover, since it is a vacuum lock, a crystal impedance is low, and the large negative resistance of VCO 
can be taken. 

[0066] Furthermore, according to this invention, the fall-proof shock nature of a surface mount type quartz 
resonator can improve sharply, therefore ~ although the piece of crystal was fixed to the support board which 
consists of a metal and the shock was absorbed with the conventional technology such a support board is 
unnecessary - becoming - the part - it becomes possible to make it thin 

[0067] If this invention is used for a crystal oscillator further again, the product of the thin shape which was 
excellent in fall-proof shock nature will become possible. 
TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, there are the following troubles in the conventional surface 
mount type quartz resonator mentioned above. Drawing 18 is a graph which shows the secular change of the 
frequency in the surface mount type quartz resonator which carried out the hermetic seal with parallel seam 
welding in nitrogen atmosphere. A horizontal axis is the days which measured frequency from immediately 
after the hermetic seal, and a vertical axis is the rate of change of frequency. The frequency rate of change for 
[ it asks ] one year is less than [ plusorminus lppm ]. 

[0010] Although Curve D goes into the specification whose frequency rate of change is the above-mentioned 
plus-or-minus lppm, what frequency shifts to plus or minus with change of time like Curve A and Curve B 
occurs. Thus, the early judging of a quality is difficult at the time of shipment, and it cannot continue at a long 
period of time, and measurement cannot carry out total, either, but the product which time requires for 
stabilization of frequency, consequently separates from specification has the problem which appears on the 
market in a commercial scene. 

[0011] The trouble of the surface mount type quartz resonator in the conventional technology is further 
explained below using the plan of drawing 15 , and the graph of drawing 19 . Drawing 15 is a plan about the 
state where the electroconductive glue 5 in a surface mount type quartz resonator was formed. An 
electroconductive glue 5 is formed as an object for support fixation of the piece 6 of crystal on the electrode pad 
section 4. Since the piece 6 of crystal is support fixation of one side, it makes the field of the electrode pad 
section 4 2 terminal structures. 

[0012] The drop test result of the surface mount type quartz resonator using this means is explained using the 
graph of drawing 19 , Natural fall of the drop test conditions is carried out from a height of 1.5m on concrete, a 
horizontal axis shows the number of times of fall, and a vertical axis shows the rate of change of -frequency. The 



specification of'a surface mount type quartz resonator is less than [ plusor-minus lppm ] as mentioned above. 
It is as a result of [ of the surface mount type quartz resonator which bar graph F shown by hatching explained 
using drawing 15 and drawing 16 ] a drop test. 

[0013] As the graph of drawing 19 shows, the rate of change of frequency has secured less than [ plus or-minus 
lppm ] to ten drop tests. However, in 20 drop tests, plus or-minus lppm will be exceeded greatly. This cause is 
explained using drawing 15 . Gilding is given to the electrode pad section 4 and the electroconductive glue 5 of a 
silicon system is formed on it However, the adhesion force of the silicon which is an electroconductive glue 5, 
and the gold of the electrode putt section 4 is a low. By 20 drop tests, an ablation phenomenon arises from this 
in both interface. 

[0014] Then, the purpose of this invention is to solve the above-mentioned technical problem and offer the 
surface mount type quartz resonator which attained early stabilization of the secular change of frequency, and 
certain- ization of the quality judging by it. It aims at furthermore offering the surface mount type quartz 
resonator in eye in addition of the above-mentioned invention which can attain reduction ization of the 
frequency rate of change in a drop test. 
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fefts «B/ty Kffl 4 ©ffiSStt 2 Sg^HfjikbT^S,, 

[0012] ^:©^a*fflv^fc«^BS^aEii*liffil!I : ?© 

^TiS^^*5, Ell 9©^;7£ffl^T!&BJ3-rSo % 

«T**st»©-e, «w*qsT©0«fe^u gstttfj^ 

««©*<b*%^f. atiii*«ffi!*iMBiW t ©ai6tts 
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CO 0 1 3] 01 9<By7 7Wn^t:, 10 SOS 
TK^STttil^ffl^b** 3 y^T.^^ ±7. 1 ppm 
«l*l£5t«bTV">£o bfrb£#e> 2 OlHlCgTlgit 
a/vxy-i'^ 1 ppm^KMtlSo, cod 
JMaSrHll 5Sffi^TK93r*. «ffi/W KfflJ4fctt& 
saris'), •?£D±{c>''jn>^CD*m^ 

4'>'j3>fcia^f b»4©&fc©aF**#ffi^ 0 d 
ffl^fr^ 2 Oll<Z>3rFK3RTfctW#©ISta-raiJita 

[0 0 14] -tdT?*|fiWOg9«jH:, ±iai«]HS*ftU 
t, ffl^ffl«^£fc©#WKJ£<bfc*ftfcJ;3&5iB 

t *> tt 5 JB«3K2gYb*©®»{b s s 4 £ £: # qjf g&$a 

msimykgMm?- * «#-r .5 c £ * a ag t « . 

[0 0 15] 

[0016] ^mmmmm^sbkFamm^^x 

its *?8W©3PB±&SV'>ttEiKBrtfc:s ®gtt©*ll 

tt & 5 c h £^ i: T 3 . 
[0017] **W©*iBSiaiS*flffi»?tt, «HPfflJ 

Mjaaj©>t{i!i4. b < ^ u =1 r> u ^ >3£ N 

[0018] ^mmmmmmmy^amm^^x 
>tt#-rspMjaa5©M-(i!i% b < (±p{bs&s/ u n 

S fctetf y-f^ H JR©**£8aMRlfc: J: 5 

Lssfeaww- 5 ttiem&g&ffitt &-?t, sis 

[0 0 19] **E©&®!fcS&!*fflffia&?C:;|3^T 

JBtt©7kS>4-©iBa*iRi*z' «ii:u ^ntcitstbfc 

2R©»*«ffl£**JK:J:»>SJeH£U Wfffl5»CSSy\ 

>^tc «t d i^jg^- u««ft«<ai- -5 ftaxstss* as 



5 

[0 0 2 0] #ftra©*ffiifcKSzkiifitt?C:fc^T 

tts ^a5^©-5p®±fe^^(±Eja5F*3t3> ATtWH£ 

jg«©*a>i-©fiizt*isifez' t&^u fntisbfc 

[002 1 ] *ftra©*®sasbkJlli»^K:iiv^T 
«tt©*B>i-©iKB2fiqjfcxtti:u -^nca^bfe 

Z' tt#faT-fcS5E2ffi©>Hffl£S' , J3>5K* -j7U*> 

afcfct#u>f ^ H*©*«ttffi«?ipjK:j:oT:3a*@ 

[0 0 2 2] **SI§©*B^Sbkiig|&:?fc:;j3^-c 
fciu ^^©¥B±&SO{±[Iflgi5|*!£, AT#^h& 
®«©*S>^©fiia*iRifeX«J:U ^tUCflSSEbfc 

[0 0 2 3] *«9i©a®||$liM*iiiB»?K:*V^T 

«±x i« : 3 !l aBt^©¥a±fe5v^ttIaa^rtc^ ^jf$«©7Jc b ^ 
>i-{c:#-rsM^2gi5©>tfl!ife b < nmm^iy u n 

s^@/£b, ai : Pffltfc#-r5*ii>5-3at@j£aB©«Bs 

£ is w- 5 c t * tm 1 1 3 o 
[0024] *«?l3©*as^aES2lc^KB» : ?fc*^^T 

(±v 4S?a5#©¥a±fe5V>{iDDS5F < 3(r > J©B«©7kH 

K-c*-T5MSiagi5©^{i!i^ b < ttmrn^ 1 ) 3 
•> u * >j? u -f ^ h- ^©^ffissanoic «t & ^a*H 

4« ©«ttlJ«ai©3gtttt,. *»6B«lrtt:ftJB*fcttP3^©^ 

R^O^m^gB^iSlt-saa^S^a^Si&^T-feo 
Ts «S^gKnam«S^^«8iffl3©^ti9!lt2 

[0 0 2 5] **Wffla®|!a!ES2kiMg»?C*^^-C 
{is S»S*jar«iB?fiBJ©»Ktt-fc7$y^^, iS 

[0 0 2 6] *%Q3©&a^IbkjUgib?-7tiU ^fi 
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[0027] *%m<D$tm9&m*gimxj : F-£.*5^x 
its ®mzmm?z>m<Dttmz&mfr<b-&Q. ^»±c 

[0028] z(D£oiz*m%(Dm.ffin%im7kmmm?- 

o £©#!;£*> £>&&bTU So -rfcfr-6JSISa&©*»3£ 

£{bfc&S9J£©fliS^b©i«jc**i,-cfcts ££S#P& 

?£{b &S*l£©Sefc{b* H 4 o 

[0029] *)^m&x$>^m^itmm»mm l ^x- 

~>— A^ffcBrf C JUttf 4 ftg (Dim? ifcfclltf £ ?F3c5£ 

&#y§T-tt»-r s z {3 j: d mmk<D&&tifi»ti:t>tL 

fbtBtlffitffcfrSi:**.*. 
[0 0 3 0] *nc#LT#$BH!Tfck X^itiffli^ 

*!±&mcmH£nSffl^#S5V^#;LSo C©& 

», ^mc^srt©#sM,A s ^^bt-So tea*,-* 

c 1 kj& So iojiaaRo^fbtf^t^ttx asms© 
Bk^mfeim&mx-x- a s * it e> r. 

[0 0 3 1] *t>CASJpJSOfltHfbC*rrs^t!, >> 
- A *gH4*»E t «t S S6 5 K) C *a£Kr 

?©4";;*£;w >t-^*>^tt i 3~ l 5 Qt-feSo 
So osd, ssrtt^sitf^riassLTaars^e) 

T*£So -ecT% ^U^AU-^I»sT-atfti$J~ y- 
*l£I££|garrs* s ^ J««»«z>g«F*<bK:jBWJ-5«'> 
U - * tttftaj-C g fclr ^F t 3H* s $. So 

[0032] k^sa^aEoKa^cintJu *y 
**;i"f>£:— y>^(±5~7 Qi:fg<&So ^©i§ 
^ JP&fttt* ij^^;i/>f >£-^*>7-#§: 

grtffifc {CSSC^T- 5 fcK>C fc « * ttfio-r S o C © fc 
^©^0M£tt£Trs.r iiCi!^ ';-*©#&# 
ffifct?^ ^©SSH. *^B^©RB^§J7k^ib^T- 

#f£So 

[0 0 3 3] ?TFK»fc*W4Ja«»*<b*CDfi 

ffittfcTlcattfclfiSK ^H^-rs^ £firH*©£i£ 
tt*att©>MMi:i«<H© 2 fcSSUBTttWffl! 



(5) 

^©StSfliSSbKllKI&^T-fi, *Sffig*g!l£3$«E 
£«T S fe© £<gffl UT mT«Pf- «t 3«Mfl«wS£ &ftg 

[0 0 3 4] bi)»btttt0^U3>3RSSWWfe*lil : 3 t fflJ« 

efrrswsAW i*asfc*a#fc.#'ra«Bi5mis©&i: 
»T?«±pi#©*ia^3Hiii3S«^D-cjii«aRtf^b-rs 

[0 0 3 5] J:C5^ -> U 3 >3R©il¥«ffiiaKRltti8l 
?««©-tT7 =■ y fc^afcfctffiSfctfaSv^tMfcSHfi 
El/t^S. * d-r*»WttSH9 t BM(f©«a'<v KfflC 

*ffilcB:7.W14Baj£*£. cocifctJ;?)* i>';n> 
**«4J83CTJtt&©#T?S: < „ -fe 5 5. y * * fczkffl© 
£ S*f S c i: C «t & zkftM-c^ra** & IrI±£ 
i*T, STff*CJ:5ia«aRffl^b4s*, 

Mbfefe©T-afeS 0 
jo [0 0 3 6] 

S it »©«& ©3BJB t * ft S £Ei5?$S$!* ASM? K 

0^-rso am, #«E©sfcflBf£ffic#tt*zicftjt$iB 

^7?^H*UT«*jRSBl^-r*«r©ttJB*^-r»fiS 
ET*feSo H2tt*»W©|Q©K3BK:*S{t5>frfflafe3a* 

mfevxmzM.mm&Lfcvtm&m-tmmmx&Zo m 

3 tt*«?§CDia 1 C*(t*3B*aw&fie&r*lW©tt3!8* 
jp-r¥®EI'C*S. BI4J±*»WK:*jftS*ffiit©fiffi 

WS^-r^BEIT-feSo E15i:0 6i:ill7i:ia8i:0 9 

i hia i 2 tmi 3 i±*^BaoDiysf^t^[tS7j< B s B >t- 
©^ii4ga5«w^*7B-r¥®st-fes, m us^ 

safj(!i-e^Bjfeb&*jss^-rKaia , ?fe5. mi 7 

tt*»W©fQIBB3«8t:*ft4aSc^-r»fBiaTf*4. EI 

T^-r 0® * b x i&Wi- s o 
<o [0037] Hifcia3Cwrj;-5c, ftioaagit 
2 ©atg 2 i:» 3 ©ats 3 1 tc i -3 T«idFeiJ«ft «j« 

TSo ^bT7kBin-6K^©M4^S5{C-C4S?gPW{C^ 
S^bT^So *l©aMRlfclB2©aS2i:IB3©S 

k 3 ©^jf-t: 5 5 s> >? ^afcRi* e» * s wwcisi^ 

C-y^Uft^tfefflSb^eC^fc^tSSSbTlf^So 

[0 0 3 8] ^^©^ifKf^-r-JiJg^Wt^ui^- 
£±J&7>i:b£-fe5^<7*-C-!&BB-rs#, 

50 * ^^^-^Tj'^^ftJgfflbTfe <£Uo 7^v^-fe-7 5. ^•f 
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— ;ufiBl 0©;jtfjf£tl&3t,\«:ig£7i^£2*©S-n-& 

c o o 3 .9 ] ^m<DBmx-<Dmmit^^u^ 

f£T' — SffiST- & i t^<> ^ 1 ftH7S y KSB 4 

B«-6safta-rs, #«ffl8ii*s5tt£u*>i&©g» 

[0 0 4 0] 12 1 C^tl8 t{i/N>^l 1 er^fM-r 
5 0 ^©SplfflfifjgS:!!] 1 7®K@EI^ffifflbTSiB^-r 

-&^i»e>*:t)^ *©3^-;i/^«=..y$vu^fejtcs@ 

[0 0 4 1 ] Z<D-y&)Umg&M&&fa±<D®m*t) 

&w&rt?v^h&mij\^r\ 1 tomtit 

(Au) -XX (Sn) -?\ IS (Pb) -« (Ag) - 
XX (Sn) SS (Pb) -XX (Sn) 

[0042] s 6 ci8o«Rt hxa^muuxmm 

[0 0 4 3] HlTtt£3©a£te3CJ&fiRl,T^.55UB 
S>— ;USB1 0CI8©yN>^l 1 ^J^^T^SbT 
1^5. (Au) -XX (Sn) T'feftfcf 

a&KB&tt 300 °cmtx$> o » ^«b$f^(±is^t$> 

[004 4] Bl 2 t^rSSMBBJBH:, 0 1 Cw-r«gfc 
&t.A,}zm t*j«-efc5#*fflM- 6 ©££f@;££>tflj|-? 
fr-S. *<D^38&Dm:ffitt£ls-t-zwi&iy F»4 
ttEI9t^-rJ:-5J3^t2*« : ?6:r*. #S 
ttgaHPJ 5 «^ »; 3 >^T-£ jj? i; >f 5 * «fc 

ffl^5fc©-?;fc3o 
[0 0 4 5] El 1 fcH2 t@3£{£fflbTa£BJ!b;£#£g 

monm c # w * ftS2g8gzka^^ffl**&©f&p 
swbsia 1 8c^-r^7 7-cKiB-r*. ttttu:$ufii*it 

Xv^x 1 p pmtI.f*lT-&£>. 



(6) 

10 

[0 0 4 6] SE*©>— Ajgg(CTxmff©MS»@Sl 

B tffi^D i -5 tHiaRoajfertiClSflBJ&'g bT 
v ^ ft &s *#B W C «t S £S%££bka&»?fcti&|g c £ 

■&^ (^©*3HffilJ±CJfc^TJSlSi«®»l|ffl0 5 % Kfct 

[0047] *«ngofaiB»jsicj:5atai?«sbkss 

IH£^3M?&&©g{b4s£/J^< bTOSo -TtZtio 
SSrt SUfflC-T 5 £ i:r-^*ifJJ:Bt©^A-x £'J>& 
< bTV>^„ ^&H2 tE3 (C^-r«t^(C7jcSK-6 £M 

#J 5 £ ffl ^ t *ffi# 6 c An i> * MMfiUjEc:^ * i±T 

» [0 0 4 8] *e>tBI4t:^-rj:-5fc: N *aK-6&ii5ffiJ 
T-^SS-r5^S©f^T-(±7jCal>t6©fta^rRl$:Z ' 

«SS»S"J5T3a*@^L/'tv^S. t)7k^K-6(wl3: 
» 5 1 4 £ TffiifrT SiP^rt D ffi»©fM»$?!± 

xM^fiiceasiu z 'w^©i£^ii/jN^v^^#j^b 

[0 0 4 9] -73v Kli£fclta»t:ia2t=*-r>4illKT* 

s» >t{n^©j®^tt2«^i:^t), ia 9 curiae 

2 @3f©«l7 1 >y Kffl 4 C7jcB>4- 6 5 1 

^H^r**, ±aori:<js[«L»DiB»ois»iKtt 

^© i o iz is V 3 >3S «fc 0 V^^«SS»»J 5 T- 

[0 0 5 0] **?liK:*ft«SQfi©»3B*yN>^iJ±C 
TKWLT*t4«, H 1 6 K^r«£*ft«0->-AJgS? 

[0 0 5 1] ogfc?STi»CJ:Sffl«aR^{b*©lft« 

s*«ii8©*afi©^s8*iaiBftffi« bTi^Bj-r 

so smf^y K«4©JK«fe««KiBr4. H5tt«2© 
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5 fct«Sft y h*a! 4 Kffl 1 6 (DMU\zm 

It So 

[0 0 5 2] H6tt«8i^y K»4©i|ttflJK:£JI2&>rr 

KStf 1 6(£lg2©S*fi2 tPI-CD-fe^ i 

ft*? FSB 1 6 *«^«©fcfl!lfc:*r l/tV^#£0!|-C 

m 5 izwm^ t> 4 fciM y h*a$ 1 6 ©jswcsw 

[0 0 5 3] 07 ttWH v 4 ©rtfflfc:ft7l£R©# 
-Hy Kffl 1 6 *»W5S0BBffll*^-r. 1 6 

w+o #8IB©3SW©»!B"Cttrai3 fclB* bT *\ 

mm 5 fct*s&^ y j*a& 4 1 ^ y h*gp 1 6 ©s^ci^ 

TEWSo LTn «S/ty t*S54i:#>Hy KfSl 6fc 
©®«§y^-{±*5 J;* 1 » 1 bV^ 
[0 0 5 4] El 1 0 Jim 2 C^-T <£ "5 SsJcffitf 6 S^tfJJ 
1fi«fHj£1-5»^©«S^y PfflS7Ktt©£iliJ&ffi«j5* 

T^3. «ffi/*y MB4©rtm:reJBtt:&»&£5#>My 

[0055] *6chi tzm-t* *> tmm-Tz^mis.-? 
s*&©*ii# 6 (Dm&wM 1 5 omttz&tfzfmm 
mitm 1 1 tia 1 2 tm 1 3 £gjs LTUMii-ra. 0 1 

*T.*ft*ftfe&lcSllHSIS«ffil 5i:LT^aj-r-5o ^©SS! 
gflSSl 5 ©ffJWiSggBWS 1 5©«|gMcfcJfc:&»e>-&S 
^flEBffil 7£i£tt5*©T-&?>o ?t«S8Bl 7iiEl" 

[0 0 5 6 ] m 1 2tt=£Jfct«>»&&£#mffi« 1 7 * 
P3T-29^T&.£<U £6fcffl*fcfrr54>©fc»SRriB 



i2 



[0 0 5 7] iuifrDJ;?^ iS^SBttCKW-aW^y 

K i 7j< H>t C Kit 5 iffiSi5«Mff^K C o ^ T §&Bj§ b 

©£fb*SiE»tfb£'&5;rfc-e»S. ■£©•;££ o^TH 

1 4i:ia 1 gfc/atrvc&ra-*-*; 

[0 0 5 8] 014 l±**IBK:43Jj-5ie)lS©B3!aSSr 

OTV£o #6fc*il#6ttH4£jpTffliffi»ffil 5© 

[0 0 5 9] Sg 2 ©Sfg 2 ±H*ffi* y h*S3 4 v 
Hffl 1 6 $ 6 C*JS«- 6 (i^SPm^i 1 5 

p8#obbcjbje£u mmmmi 4tt«ai^y KfiP4c* 

aWS^1"5o C©*jtC<tn{i««ffigE*»J5tt, « 
®7l-y Ka54h4^SP®gl 5{±**.5^©c:i:^ ^7ty 

20 [0 0 6 0] c©J:3&*£CJ: B 5 CT 
5 y^tfgiiiU ^©-tr^^^^^ii^ 1 ; =3>h©^ 

w&BtiP&hmmmsMit& 5 {±^©la£!^sl3^3Av^a^rc 

[0 0 6 1] $ e> CTkllJt 6 Jco^T BM&Wgi 1 4 © 
tftfAu, Pd, AgT-fe^feD-rstf^Unvi:© 

^> U n >tt^«asu 1 7 ©*SOTi:©«af fc#«ft 
5. 

[0 0 6 2] 1556© J; r> •> U 3 >»©**ffiSWffl 
5 Ji^S fc©««* £ Z A s > (iP^M* 5 

[0 0 6 3] *«W©|Safi©BI»t: J:S«T«*tO»(g 
JR&BI1 9©^7 7^l/tW5, ^TKI^^ 
li3>^i;-h±Cl. 5m©5B5$4»&i«SST**S 
fe©T\ «W* s ^T©[°li!J> |{?SS* s MI-iSif©^b*T-$. 
5. mm&Mc&<DW&\t.7?^4i-Z. 1 ppmttrt 
T*fe5. #^5 7G4«*»W©faSBJB6afflUfci:* 
©^*T-fe5, 2 0[H]©mT»lST*fe7'7^v-f ^-x 1 

s« [0 0 6 4] *%m<D^V>fom b tllStEJf^ 4: bT 0 
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— £ ^ n fcakufgisti© if mTW&mttm iz ^±t 

o 

[0 0 6 5] 

iz £.M£m.wn%*m7kihM$]? ©MiStgc©^^b@ # 

[0066] ^^^z^a^zxtiitmmm&mykm&m 
&^Tm&&mT'&7kii i ft*i&m-tpt>?£2>vyn- hmz 

^5 ii & 5 OdSP < -r 5 d i: ifi Rjf g £ & 5 . 
[0 0 6 7] £&fc$fc#«iiB&*a$sfBgfc:;avtfi 

[S®o{g#^^] 

[0 2] **WOiaBBJBIt*5tt-s*®*»Sbkilfi» 
? ©flfjg£^Tr§T®0T-& § , 
[0 3] *«WO*^«t^B-43EilSlttS!zkiKi« 

[0 4 ] ^^(DSdfE^ffitc^ttsse^^biciiign 

[0 5] **IB©5SEM0BJBCi5 tt £ SSHSSbkHiltt 
?©filii & ^ f ^F® 0 X & 5 „ 

[0 6 ] *^3J©^fgff^{c*(t^a®^M7kllSi6 
^ ©«it SwtTiB 0T* & * . 

[07] *ftilg<Z)?U&£ffi t * tf- 3 A&tt 
^©ffit S^-T^F® 0T* -5 o 

[0 8 ] *^©^S£ff^tc:i5(j-S«®^S7jc a lS» 
^©« jg & 7f> f ¥ffi 0 T- & 2 o 



(8) 

14 

[0 9] ^BgcHJg^^fC^lj-^aS^^a^Sit 

T©«it^^-r^®iaT-$. -So 
[010] *mi<D$mfci&iiz&\tz&wm3m&.&m. 

[011] ^mMom&BMiz^nr^mmmmmykmm 

[012] *mi<DmmisK.*ivz2mm«MkBm 

»J : ?©«ji$^-r¥®0T-afe5, 
[013] *»iB©nai0&«t:*tt-4f8iiHa^*Sffi 
i« »^©*jg^r¥®0T-a5?.o 

[014] *«IBOSI8IBBBt*0-5aif^ffl*atS 

»?©*it ^ f w ®0-e & 3 „ 

[015] v^&miz^nf^mmm^kmmufcDm 
mz^-f^mmx- 

[016] ^Jx«{C*5ttS«®H^M7j< B lSI&^©« 

[017] *»WOSaiBBJBt*0-5aia55«S7lcfflfi 
»?©«ii^^1-»f®0T-fe-5o 
[018] «iS*«SfakffiS»?t:*ws««aRo«i^ 

[019] *B*«^iijgft?©anFtaftie**^-r 

[02 0] **WOSQBBJBt*50-«aia^ES*i|jS 

[f?-f©§&BJ] 
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